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There is hope that the large-N Yang-Mills theory is exactly equivalent to string theory [1] . Such a string theory, if it exists, can reveal the integrability of the large-N Yang-Mills theory. Hence, the theory will help in explaining the confinement phenomenon.
Despite the recent progress [2, 3] in the case of (super)conformal theories, we still do not understand the relation between gauge and string theories. We do not understand which features of the relation are generic (persist at least for nonconformal and/or nonsupersymmetric cases) and which are specific for the concrete relation of [2] . This is due to the fact that there is no explicit proof of AdS/CFT correspondence [2, 3] .
In an attempt to understand the relation between field and string theories in general, we present, in this note, an explicit map from the functional integral of the matrix field theory (at finite N ) onto the partition function of the simplicial string theory-the theory describing embeddings of the two-dimensional (2D) simplicial complexes into the spacetime of the field theory. Our considerations are quite generic and can be applied to the Yang-Mills theory. However, we consider the model example of the matrix Φ 3 theory whose interpretation on the string theory side we understand best of all.
The map in question is given by a duality transformation. To some extent, this duality is the lattice analog of the T -duality map, although we do not have any compact dimensions. Via this transformation, we map the summation over the Feynman diagrams and the integration over the Schwinger parameters onto the sum over triangulations of the 2D surfaces and integration over the invariant 2D distances between the vertices of the ¶ This article was submitted by the author in English. simplicial complexes. This seems to be a summation over all 2D geometries and all embeddings of the simplicial complexes into spacetime. To understand this point, we consider the toy example of a free relativistic particle, for which we present a similar expression. There, the summation over all one-dimensional (1D) geometries is given by summation over 1D "triangulations" and integrations over the lengths between the vertices of the "triangulations." The integration over all positions of the vertices gives the sum over all possible embeddings. The resulting "triangulated" expression is exactly equivalent to the relativistic particle path integral. No continuum limit should be taken.
However, a complete understanding of the simplicial string theory-at least its possible continuum formulation, or maybe a continuum limit of it-is still lacking. In particular, it is possible that, in the continuum formulation, the theory describes strings in the curved AdS 5 space rather than in R 4 [4] .
Anyway, as usual, the relation between two theories can be useful for both of them. In fact, the map in question at least can give an unambiguous way of formulating the simplicial string theory. Particularly, the measure of integration and the 2D gravity action unambiguously follow from the matrix field theory.
The structure of the paper is as follows. In Section 2, we present the map between the two theories. In Section 3, we present an interpretation of the resulting dual expression obtained in Section 2. In Section 4, we consider the example of the free relativistic particle and present a simplicial path that is integral for it. We conclude with he discussion in Section 5. In the Appendix, we present a simple proof of the well-known combinatoric formulas [5] We show that the series expansion of quantum field theory in Feynman diagrams can be explicitly mapped on the partition function of simplicial string theory-the theory describing embeddings of two-dimensional (2D) simplicial complexes into the spacetime of the field theory. The summation over 2D geometries in this theory is obtained from the summation over the Feynman diagrams and the integration over the Schwinger parameters of the propagators. We discuss the meaning of the obtained relation and derive the one-dimensional analog of the simplicial theory using the example of a free relativistic particle. © 2004 MAIK "Nauka/Interperiodica".
PACS numbers: 11.25.-w field theory to the simplicial string theory is established.
Consider the matrix scalar field theory in the D -dimensional Euclidian space:
(1)
and is an N × N matrix field in the adjoint representation of U ( N ) group: Φ ij , i , j = 1, …, N . Note that we have rescaled the fields, so that λ is the t'Hooft coupling constant, but we are not taking the large N limit in this note.
The problems of this field theory, due to the sign indefiniteness of the Φ 3 potential, are not relevant for most of our further considerations. We consider the functional integral Z as a formal series expansion in the powers of λ . To deal with connected graphs, we consider log Z .
It is well known that log Z can be represented as (see, e.g., [6, 7] ) (2) where p l is the momentum running along the propagator l ; the propagators are written in the Schwinger α -representation; the first sum is taken over the genera g of the discretized closed 2D surfaces represented by the fat Feynman diagrams 1 [7] ; the second sum is taken over the number V of the insertions of Tr ( y i ) vertices; χ ( g ) = V -L + F is the Euler characteristic corresponding to the genus g diagram in the sum with V ver-1 Each member in the sum in Eq. (2) 
tices, L propagators, and F faces; 2 ∆ l y is the difference of the target space positions of the ends of the lth propagator; and C(V, g ) are constants that can be found from the genus expansion of the matrix integrals (see, e.g., [8, 9] 
For the general D, most of the integrals under the sum in Eq. (2) are divergent. One of the types of divergences is proportional to the volume of the spacetime and is just due to the translational invariance. To get rid of this divergence, we can skip one of the L integrations over the momenta. Another type of divergence is the standard ultraviolet (UV) divergences of quantum field theory. We discuss them below.
We will perform a transformation over Eq. (2). The same kind of transformation is performed in [10] and is referred to as duality on the lattice. As well, a somewhat similar transformation is made in [11] and relates some types of Feynman diagrams of the Φ 3 theory to the amplitudes in conformal quantum mechanics.
To do this transformation, let us perform integration over the y's. Then, each term under the sum and integration over α's is represented as the finite function, (4) where, in each of the V δ-functions, the sum goes over the three links terminating on each of the V vertices. There are momentum conservation conditions at each vertex. The UV divergences in the diagrams appear after the integrations over the α's. To perform the transformation in question, we consider integrand expressions, because we would like to show that this transformation gives a nontrivial relation between the two partition functions rather than a formal map from one infinite number onto another. At the same time, the divergences have a clear physical meaning on the both sides of the relation as is argued in the next section. 
).
